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Ltv'DS TRANSCEIVER
SYSTEMS PARAMETER/OPERATION

SUMMARY

PARAMETER TI HP EO· CV
Transmit Power (dBW) -17.0 -19.6 -13.0 -23.0
RF Bandwidth (MHz) 2.5 1.0 24.0 1.0
Antenna Gain 34.0 35.0 39.0 31.0
EIRP (dBWIHz) -47.0 -44.6 -47.8 -52.0
EIRP (dBWIMHz) 13.0 15.4 12.2 8.0
Maximum Range (Km) 5.0 2.0 2.2 5.0
Tower Height (Meters) 30.0 15.0 20.0 30.0
Hub Spacing in HPBW (Km) 17.0 17.0 17.0 17.0

out ofHPBW (Km) 68.0 68.0 68.0 68.0
Max EI angle, 50% blk (deg) 5.0 5.0 5.0 5.0
Aggregate CII (dB) 35.4 41.9 27.6 36.7
Satellite System Margin 14.5 20.0 6.7 15.8

'" Includes 10 dB for rain



LMDS TRANSCEIVER
SYSTEMS PARAMETERJOPERATION

WITH RULES PARAMETERS

PARAMETER
Transmit Power (dBW)
RF Bandwidth (MHz)
Antenna Gain
EIRP (dBWIHz)
EIRP (dBWIMHz)
Maximum Range (Km)
Tower Height (Meters)
Hub Spacing in HPBW (Km)

out ofHPBW (Km)
Max EI angle, 50% blk (deg)
Aggregate CII (dB)
Satellite System Margin*(dB)

TI
-10.0

2.5
34.0

-40.0
20.0
5.0

30.0
17.0
68.0

5.0
23.3

2.4

HP
-15.0

1.0
35.0

-40.0
20.0

2.0
15.0
17.0
68.0

5.0
23.9

3.0

EG··
-5.2
24.0
39.0

-40.0
20.0

2.2
20.0
17.0
68.0

5.0
22.7

1.8

CV
-11.0

1.0
31.0

-40.0
20.0

5.0
30.0
17.0
68.0

5.0
21.8

0.9

• Satellite System Margin in excess of 20.9 dB required.

•• Includes 10 dB for rain



MAXIMUM EIRP
AND

POWER CONTROL

• TIIE STATISTICAL ANALYSIS PROGRAM WAS CONDUCTED WITH THE RULES PARAMETERS WHICH
INCLUDED A 20 dBWfMHz MAXIMUM EIRP AND POWER CONTROL ACCORDING TO THE FOLLOWING
FORMULA

P(dBW/MHZ) = 20 + 20 LOG dID

WHERE d = DISTANCE TO THE HUB
D = MAXIMUM DISTANCE TO THE HUB

• crr RATIOS OF 21.8 TO 23.3 dB WERE OBTAINED WITH A 20 dBWlMHz EIRP AND POWER CONTROL.

• STATISTICAL ANALYSIS WAS CONDUCTED FOR ErRP LEVELS OF 20 dBWIMHz, 17 dBWIMHz, AND 14
dBWIMHz.

-ACCEPTABLE CII RATIOS OF 20.4,72.9 AND 25.8 DB WERE OBTAINED FOR THESE ErRP LEVELS.

• IF POWER CONTROL IS NOT IMPLEMENTED TIffiN LIMIT THE MAXIMUM TRANSPONDER EIRP TO 14
dBWIMHZ.



TRANSCEI VER DENSITY LIMlTATIONS

• THE MOST DENSE AREA OF THE U.S. (NEW HAMPSHIRE TO GEORGIA) WAS USED TO ENCOMPASS
THE SATELLITE FOOTPRINT

-RESULTING IN 25 MILLION HOUSEHOLDS.

• WITII 80 PERCENT OF THE LOCATIONS SUITABLE FOR LMDS, (LINE OF SIGHT), A TOTAL OF 20
MILLION HOUSEHOLDS ARE SUITABLE FOR LMDS SERVICE.

• M.AXTh1UM RETURN LINK UTILIZATION FOR DENSITY PURPOSES IS MODELED WITH TELEPHONE
CIRCUITS THAT HAVE A MAXIMUM TAKE RATE OF 25 PERCENT AND 4: I 1vIINIMUM CONCENTRATION,

-RESULTING 11"1 1.25 MILLION ACTIVE DSO CIRCUITS.

• FOR 1.25 MILLION CIRCUITS IN 150 MHZ BANDWIDTH, THE NUMBER OF CIRCUITS PER MHZ IS 8,333.

• USING 64 KBPS AND A CIRCUIT EFFICIENCY OF 0.6, WHICH INCLUDES SIGNALING AND CONTROL,
-RESULTS IN 890 TRANSMITTERS PER MHZ.

• INDIVIDUAL SYSTEM ANALYSIS YIELDED ACCEPTABLE CII RATIOS WITH 14.5 TO 20 DB MARGINS

• TRANSCEIVER DENSITY LIMITATIONS RULES ARE NOT REQUIRED SINCE SUITABLE CII RATIO MARGINS
ARE ACIDEVED USING THE MOST DENSE AREA OF THE U.S. TO ENCOMPASS THE SATELLITE FOOTPRINT.



ANTENNA ORIENTATION

TIlE STATISTICAL PROGRAM WAS MODIFIED TO ALLOW EVERY Nth TRANSPONDER ANTENNA
TO HAVE A RANDOM ELEVATION ANGLE FROM 0 TO 90 DEGREES.

• THE STATISTICAL PROGRAM WAS RUN WITH N = 5.10 AND 100 WITH THE RULES PARAMETERS WITH
20 DBWIMHZ POWER RESULTED IN THE FOLLOWING SATELLITE Clls RESULTING.

N
5

10
100

% DISTRIBUTION
20
10

I

CII
21.6
21.8
23.2

• RESULTS SHOW THAT ACCEPTABLE CII RATIOS AitE OBTAINED WITH 20 PERCENT OF THE POPULATION
HAVING MISALIGNED ANTENNAS.

• CONCLUSIONS ARE TEAT INTERLOCKS ARE NOT I<.EQUIRED TO PREVENT UNACCEPTABLE SATELLITE
CII RATIOS.



ANTENNA BEAMWIDTII/SIDELOBES
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Table R·A·6 (Rev 1)

SV·Gateway LInks

Item Downlink Uplink
Rain Clear Rain Clear

Range km 2326.0 2326.0 2326.0 2326.0

Transmitter

Power dBW 0.0 -9.7 13.0 - t 1.a
Antenna Gain dB 26.9 26.9 56.3 56.3
Circuit Loss dB ·3.2 ·3.2 ·1.0 ~ ~. E)

Pointing Loss dB ·0.5 -0.5 -0.3 -0.3
EIRP dBWi 23.2 13.5 68.0 43.2 ~

System

Margin dB 3.2 3.2 2.1 2.1

Space Loss dB -185.8 -185.8 -189.1 -189.1

Propagation Loss dB ·14.2 -1.5 -30.0 -1.5
Polarization Loss dB -0.2 -0.2 -0.2 -0.2
TOial Prop. Loss dB -203.4 -190.7 -221.4 -192.9

Receiver

::; ec. Sig. Sirength d8Wi '130.2 .j 77.2 -153.4 -149.7
?clntir.g Luss 08 ·0.2 ·0.2 -0.8 -0.8
Alltenna Gain dB 53.2 53.2 30.1 30.1
Received Signal dBW -127.2 -124.2 -124.1 -120.4

i5 K 731.-1 731.4 1295.4 1295.4

Noise Density dBW/Hz -200.0 -200.0 ·197.5 -'97.5
Noise 8anewidth dBHz 64.9 64.9 64.9 64.9
Noise dBW -135.1 -135.1 -132.6 -132.6

L:nk Eb/No dB 7.9 10.9 a.s 12.2
Ebtlo dB 25.0 25.0 16.0 16.0
Computed EbI(No + 10) dB 7.8 10.7 7.8 10.7
Required EbI(No + 10) dB 7.7 7.7 7 7 7.7
Excess Margin dB 0.1 3.0 0.1 J.O

SPFO atGW dBW/ m2t 1mhz -134.3 ·131.3
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FCC,TEXAS INSTRUMENTS AND MOTORLA MEETING ATTENDANCE; 10
OCTOBER 1995

NAl\1E ORGANIZAnON PHONE

Jennifer Gilsenan FCC 202 739-0734
Don Gips FCC 202 418-2034
Giselle Comez FCC 202 739-0736
Bob James FCC 202 418-0798
Karl Kensinger FCC 202 739-0734
Mike Marcus FCC 202 73 9-0572
Susan Magnetti FCC 202 418-0871
Tim May FCC 202 418-13 10
HarryNg FCC 202739-0748
Greg Rosston FCC 202418-2044
Tom Tycz FCC 202 734-0566
Eric Barnhart CV 404 894-8248
Charles Milkis M. Gardner-CV 202 785-2828
Doug Gray HP 415 857-8070
Ken Engle Motorola 602 732-2965
John Knudsen Motorola 602 732-2965
Barry Lambergnen Motorola 202371-6929
Phil Malet S&J-Motorola 202371-6893
Leland Langston TI 214917-6209
Bill Myers TI 214917-7243
Gene Robinson II 214 917-6202



ATTACHMENT E

An IxamIftation of IRIDIUM Or aM O.....y II..,ation A......
Impaat on System AVln11MMy in the Pr nee of LMDS Sull,orlber Tran,mlttlrs

November 17,1995

Th. brief paper .umrnarizM the elev8tion eng.. expected at the IRIDIUM gltaway from
the earth stIItIon to the IRIDIUM "'Ilte. This eIIvItion qte is of interelt in determining
the potential for LMDS sub8elbr transmitter inWference into the IRIDiUM ....uplink
receiver. The law of sines for spherical triangles is the fundamental analytical besis
applied herein.

_mion bttptn t.bt -db station and tht 11ttIIt!;."

Assumptions:

• Gateway site is at mid-CONUS Iatit:ude (~degraes North)

• Spacing of orbit planes is 31.6 degl'le$ (actuilly one of six planes is at 22 degrees, so
this is worst case)

• lnolination angle Is 90 degrees (actual inclination angle is 86.5 degrees, but dtfference
is trivial at assumed latitude)

With these ass' Ut1ption$, the great..circle angular separation of orbit planes is 24.1 degrees
at «) degrees North latitude.

Given the 24.1 degree angular separation betwMn adjacent orbits, we can now examine
the WOrst-caM elevation angle blltw8en the _rth station and the satellite.

Since the separation between satellites In a given orbit pMIne is about 32.7 degrees (11
....... per orbit plane). the maximum angular seperation between a gllteway and satellite
when they are co-Iongitude II one half of 32.7 degrees, or 16.35 degrees. Given thl.,.nd
the orbit altitude of 780 Ian for the satellites. the worst case elevation angle to the satellite
for <»-latitude situations is 13.6 degrMS.

For gllteWay positions between orbits, the worst caM oow-t) elevation angle to the
SIIleAIte occurs on a constant-latitude line halfway bet\wen the poeitions of the two
~nt -..utes. For this sitUation at 40 degrees North latitude, the worst case~Ion
angle to the satellite is 11.9 degrees.

Further analysis which considers all possible positfot'l$ of the satellite constellation relative
to the gateway shows the following:



Pwcenblge of TIme EIIWIIIon Angle (8) to
N....8aWIe (dea.)

wcnt2~ 11.9 <9 < 13.e
10" 13.8 <e< 15.8

belt II " e> 15.8

Thie indleatM th8t the elMIlIon angle to the eatenle Is never below 11.9 degreeI. and Is
only beloW 13.6 degrees two percent of the Ume. Morwover, the elevation angle to the
....It above 15.8 ctegr..88 percent at the time.

Im_.'RlDlUM Ayllltlllty In tIM Pr..... II LMD8 T....=T n;

Aa Motora. ha stad, the IRIDIUM systarn Is designed for operation ~Of*INay feeder
Iinke at tIItMItIon Inglis of ten~ or above. Fulther. Matoroia ". indJc8ted concern
IIboUt LMDS tranlmltn CMIIIng degraddon of .ystern avaIIibHIty If~ frcm
L.MOS consumee IRIDIUM power margins intwlded for compenllltlon '"rain Ind range:
The availlblRty ofb IRIDIUM feeder links hu not been diIcIoIed. HCMWef'. It Is not
nee.lary to know the ;MI8IbIIty to consider the Impact of _.flaY oper'ltfon at minimum
-.vauon angles of 11.9 degrees since we kncM the system availabiflty is acceptable at
.vatlon angles of 10 degrees.

At. an elevation angle at ten deg..... the range to the .... 1s 2325 km. The minimum
range to the S81.e (at zenlh) is 780 krn. Thus, the power dynamic range of the system
consumed by compensation for rqe to the IIteIHte Is 20 Jog(2325f7680) =9.5 dB.

Since thl total,.. dynamic rqe of the uplnk tranMtlttlr Is +12 dBW .. (..22.3 dBW) =
34.3 dB (from Motada _ystwn summary table dated BI5I84). the remaining 24.8 dB after
the nmge compenution V81ue Is subtracted iI for rain compensation at 10deg~
-.vation.

For a.nt path through rrm at an~ angle of 11.9 degrees, the length of the path
through nUn is IW percent d the I8ngth d the path through rwn at 10 degreee elevation.
~. 16 percent of the power nwgIn " ......" In other~. with only 0.84
X 24.8 dB • 20.8 dB for needed for rain compensation, operation at 11.9 degrees
producet thl same _IRY Ink avaIabily as the.~ has at 10 degrees elev8tlon with
24.8 dB for rain compenuUan. Thus, 4.0 dB d the -Y*n power margin is avaIabie far
compensation of other nnk cllgllldation effects. That Is, at full power. ttw link C/(N+l) Is 4
dB larger than MctoroIa requires.

This does not even KCOUnt for the addIionII "free IpIOI- margin at the higher e1eY8t1on
lingle, whldl would produce addItiot1.t nwgln. LJkatMIe. -.th CUMItLn. not can8Idered.
which would atIo produce an addItIonaI.1fthOUGh 1mIIH, rn8rgln. the Mvation angle
incr...from 10 degreee to 11.9 deg...... At~ ...... north eIev8Iion. the freezing.
point IIotherm In the ItrnoIphere Is at about 4 km Illude for In MIWIIId 99.9916
;!vailabi1lty. Thil i80therm IeYeI yields. slant p.th range through the ,., of 19.4 km for the
11.9 degree eIeVItIon angle-ehort enough that earth curvature nMd not be conlldered.



Since the ...." 4 dB ofmqln Is not needed to campen" for rain /oIs or range, the
Interference-to.noI88 can be. high. +0.15 dB (n opposed tattle ·13 dB value cited by
Matorola for Iyltem operation at. minimum .-.aon.... of 10d.-e). V1ewId
another ""'YI when the ir1et'ferw1ce is 0.6 dB· higher 1han the intemnnce (_ opposed to
13 dB below the Interf• .nce level with an UN of ·13 dB). the combined nolle and
interference would be 4 dB IIbove the -107.5 dBWJHz noiIe Ievef in the ..... receiver.
Then, WIh the ".." 4 dB d margin dtrIVed from operating at or IboYe In~ angle
of 11.9 degrees, which Is nee n...ed far rmn or range compensation, the desired
operating point for the MatoroIa satellite ....... maintained.

Cently.i,":

For ;away operdon at • mid-CONUS latitude. lIN of +O.S dB against LMDS Interference
Is sufftcient to prcduca the __ynnk IWItabIIIty that Malarola... it needI. This
conclusion. t.Md on COMIdntion of ;.taway elevation angte,~. of pcD1tiaIl
int....."ce from LMDS, ... the waffabIIty design of IRIDIUM to gat. true picture of
LMOS impact on IRIDIUM f8ader Dnk operations.



Total power sp~ctral density is dependent only on Maximum EIRP (EIRP at the
cell periphery) assuming uniform housing density
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Cell Area =a = (r/R)2x A
Max EIRP = P
Avg EIRP = P/2 (assuming adaptive pwr control)
PSD/Cell = h x a x PI2
Number of cells to achieve same coverage
as large cell =Ala
Total PSD = h x a x (P/2) x (Ala)

=h x (P/2) x A
where h = housing density in householdslsq-km
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B •E.....ian AIlflt., deg Sal AIlfl_, dell Slant Range, km SInlllIS, dB

0 83.4198 3302.1811 0
1 83A024 31•.0035 0.30
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3 83.2lI33 2ll74.78l)l O.al
4 83.1422 2873.7211 1.21
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8 82.3281 2508.0106 2.311
9 82.042ll 2427.3575 2.87

10 81.72111 2348.3325 2.98
11 81.3174 2274.8275 3.24
12 61.0173 2203.7275 3.51
13 80.8203 2135.al22 3.78
14 1O.1a75 2071.25711 4.05
15 58.7501 2ClOU3I7 4.31
18 58.27llO 18.8277 4.57
17 51.7864 1••_

4.12
18 !l8.2703 ''''.7210 5.07
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35 47.1027 1m.... 1.12
38 41.3451 1215.1251 8.•
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48 38.7511 10l11.02lM 10.31
49 35.G46 •.1. 10.42
50 35.0812

_.1130
10.53

51 34.2!101 tr71.0lI83 10.83
52 33A076 -.7189 10.73
53 32.5818 ....lIII69 10.83
504 31.7128 -..cl78 10,Q3
55 30.1808 -.7049 11,02
58 3lUlOlO 111.2308 11,11
57 29.1485 110.1. 11.19
58 ~ 101.!I073 11.28
58 27.4250 -... 11.38
80 2Ul13 -.-:l 11.43
81 2Uk3 877.7782 11.51
82 24.83 110.5770 11.58
83 23.lIlI43 -.7148 11.85
64 23.0814 867.17ll2 11.71
85 22.2088 Il1O"7 11.78
68 21.3308 141.0801 11.84
87 2OA27 ......, 11.90
81 11.1734 ••1185 11.115
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ATTACHMENT I

Effects of S% Intcrfereoce Allocation

The noise temperature for Iridium satellite receiver is stated to be 129S desrces K. The interference
criteria is S% for single service or 10% for all services (WG2I6). The required EhI(No+lo) is 7.7 dB.
These values topther with the information data rate were used to calculate the receiver sensitivity.

Allowable interference based on 5 and loe,4 noise temperature contribution.
PmMer UIIBi No Ipterfmmq; S% IptcrfereDce
Noise Temperature desrces K 129S 129S
Interference (lo) degrees K 0 6S (-210 dBW)
Total No+lo degrees K 1295 1360
10LOO(KT) dB -197.5 -197.3
RequiJed Eb/(No + 10) dB 7.7 7.7
Receiver Sensitivity (Eb) dBWIHz -189.8 -189.6

10% Ipterfermce
129S

129 (-207.S dBW)
1424
-197.1

7.7
-189.4

The sigDal degradation due to S% added system temperature is 0.2 dB. Fipre 1 iDdicates bow iDcreascd
signal power compensates for increased Intcrfereoce. The bit error rate requirement for Eb/(No+lo)= 7.7
dB is held constant

-190-195-210 -205 -200
10 (dBW/Hz)

-215

/
/

/

/
V IRecciwr No I--- ~-190

-220

-188

-180

-~-184
~
~
.0 -186
w

-182

Fipre 1 Required Sianal Level VS Intcrfereoce for EhI(No+lo)=7.7 dB

Summary:
• An iDterf'ereIKle of -210 dBWIHz (5% ofTs) results in a 0.2 dB power chaDp.
• An interference of -207 dBWIHz (10% ofTs) results in 0.4 dB power cbaDge.
• An Intcrfereoce of -200 dBWIHz (10 dB increase in iDterf'ereIKle) results in 1.7 dB power change.

Conclusions:
• Only 1.7 dB power increase returns satellite to design criteria for Intcrfereoce 1eYels ofup to -200

dBWIHz

• The 30 dB interference problem proposed by Motorola 2 November 1995 does not exist


